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1,0 INTRODUCTION

The increase of aircrafttransportation during the last ten years
‘has been nothing.less than phenomenal. To accormmodateé this
increase-greater demands must be ithposed upon aircraft and
their associated ground: support equipments. Higher equipment
eliabilities and:extremely low probabilities of mission failure
are natural requirements which must be fulfilled in this area with
. ‘the a{d of modern technologies.

- An instrument landing system (ILS) is one such ground support
equipment which embodies these requirements, 'The ILS, pwo-
viding guidance to.approaching or landing aircraft under adversec
weather ¢onditions, must employ ""optimuin" désign and reliability
‘to ensure personnel safety. This is especially tiue in the Categary
J11 ILS which provides guidance information f¥om the «covervage
lirhit of the facility at which it is installed to, and glong tl:¢ sur-

- face of the runway, To ensure that the "optimum'' in equipment
performance is achieved, a qualitative system analysis which
stratifies all péssible rhodes of failure, their criticality and effect
on mission succéss must be accomplished.. Such-an analysis,
cailed.a Failure Modes, Effects whd:-Criticality Analysis (FMECA),
has veen performed by Texas Instriments Incorporated on its

Category 11 ILS (RAA Mark III ILS) and is the subject of this
report.

o

4

i

1.1 Safety Requirement

It is impossible to achiéeve the implementation pf-a system with

g . infinite reliability and safety; therefore, it bécbmes necessatry
that some safety/reliability goal be established to enable the re-
lative safety of the ILS to be determined. For Categoxy IlI oper-
ations, there is a brief time period duxing which the safety of

the aircraft becomes cempletely-dependent upon the integrity of
the electronic system. Failure of certain critical ground based
compoénents during this time period could possibly result in a
catastrophic event, In an attempt tc. quantify the safety of the
equipment, the figure specified is a probability of 1 failure in

ten million landings. This figure was derived by the British Air
Registration Board from human mortality data.and safety records
of aircraft. This requirement indicates that the landing operation
under Category III conditions would be safer than a person cah
predictably expect to be in his normal day-to-day activitiés, The
value, if anything, is on the stringent side, in that it is not possible
to categorically state that a givien failure will be catastrophic, but
only that it will produce a potesdtially hazardous situation‘that

may be catastrophic if the proper corrective action on the part

of the aircraft crew is not taken.
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,'i‘.he rélationship of mean-time-bétween-failures (MTBF) to the
overall system reliability requirement is as follows:

The predicted localizer hardware MTBF is approximately 1200

‘hours and that of the glide slope is 1800 hours. Any given

failure in the ecquipment will contribute to a lower MTBF but
will not ‘necessarily interrupt the operation or even degrade the
operational category status (Category IIl or II). This is pos-
sible through appropriate equipment redundancy so that when
xz}gividual component failures occur, continued operation may
ill be possible. Consequently, it is possible for the proba-
bihty of operationdl failure to be far less than a component
failure. Gives that the ground system is fully operational at
the inception: »{ a ‘Category TII ILS approach, the probability .of
mallfunction of the radiated signal (both localizer or glide
slope) during the critical part of the approach {defined as ten
seconds for the localizer and. five seconds. for the glide slope)
should be less than one in ten million which corresponds to an
eqaivalent MTBF of operation in the order of 27,000 hours.

1.2
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2,0 PURPOSE
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The primary purpose of performing an ¥MECA upon the C’aiégbry
IIJ'ILS ie to insure that the equipment design is such that the '
" -probability of a potentially hazardous failure (loss of signal or
radiation.of an erroneous signal) during the cri.ical phase of.
Categz -y 11l landing is.less than 1 x 10" 7, In.addition, a number
of secgndé’ry cbjectives exist: (1) torreveal hazardous failure
modes jéopardizing personnel saféty and/or system performance
istatus; (2) to enumerate all relevant functional failure modes
ajong with their effect and failure rate; (3j<to ssvve as a docu=
inented aid in the troubleshwotifig process of field. failures in the
fufure; {4) to sérve as an objeritive evaluation of both tké-equip-
meént specification:-and its deéign; and' (5) to determine ithe fre-
cuency of preventive maintenance in checking for hidden failures.
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3.0 SYSTEM DESCRIPTION ‘

A"‘atvgory I 1LS provides aircraft with.guidance inforrhation
from the coverage limit of the facility to,. and’along, the surface
of the runway. The system under analysié has. operational per-
formarnce of Category 1lI, thatis, -operation with no decision
hexght limitation, Ihitially the system will be used in Category
111A operations in which- the pilot will make use of éxternal visual
references during the finai phase of landing and with a runway
visual range (RVR) of not: less than 700 feet, The ILS rhast he
suitable for-evéntual use by automatic control system for wroll-
out; which will be uséd ‘n Citegory 1lIB operafions with runway
visual ringes down to 150 fzet.

The ILS svstem bacsically consists of two separate stations - the
localizer and the glidesiope; depicted in simplified block diagram
form by figures 3-1 aud 3<2 respectively. In addition to these
statiols. a central point for station control and the display of
statiGn status exists at the control tower. Up to three marker
beasuns are also utilized in a-typical ILS installation. However,
pu-dédcription of the narker beacons willbe provided since they
will not be considered in this analysis.

3.1 General Descriptions

The locatizer provides guidance in the horizontal plane to aircraft ‘
engaging .in approaches to; and landing at, airfields, The localizer
antenna group radiates two VHF carriers, each amplitude modu-
lated by 90 and 150 Hz and both carrier frequencies within a
particvlar VHF channel, The radiation field pattern produces a
course sector with one tone predominating on one side of the
course line (runway center line) and with the other tone predom-
inating on the opposite side. Along the course line, the 90Hz and
150Hz modulations have the same levels. Being a two-frequency,
capture effect system, one of the carriers (course) provides a
radiation field pattern coverage in the front course sector; the
cther carrier (clearance) provides a radiation field pattern
coverage outside that sector to %60 degrees from the course line,

The glideslope station provides guidance in the vertical plane.
It produces a UHF composite field radiation pattern which is

. amplitude modulated by 90 and 150 Hz, The pattern provides a
straight line descent path in the vertical plane containing the
runway center line, with the 150 Hz tone predominating below
the path angle and the 90 Hz tone predominating above the path
angle. In addition to this course coverage, a clearance UHF
carrier is modulated by 150 Hz to provide low angle coverage,
Both carriers (course and clearance) are within a particular
glideslope UHF channel,

.31
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Localizer

Referring to figure 3-1, there are two transmitter sections
‘ncorporated into the localizer station., One transmitter is

designated as the main transmitter and the other, the standby

transmitter., Automatic changeover capabilities are provided.
While the main transmitter radiates into the antenna system, the
standby transmitter will be operating irto dummy loads. Whenever
the main-transmitter shuts down due to Some equipment failure,

the standby transmitteris transferred iminediately to the dnteniia
system,

A briof explzhation of each transmitting unit is in order., The
course transmitter delivers a VHF carrier (108-112MHz) fre-
quency to the solid state modulator where it is modulatéd by 90
and 150 Hz tones. Two signais {(figure 3-2) are generated by
the modulator: carrier plus sidebands (C+SB) and sidebands
only (SBO)., The modulator also deliver, t the clearance trans-
mitter a composite of low frequency 90 and 150 Hz tones to
modulate the clearance carrier, génerating the clearance C+SB,
In addition, low frequency 90 and- 150 Hz tones and clearance
carrier are supplied to the sideband generator where the clear-
ance SBO is generated. The identification unit, which provides
the pilot identification of the runway and the appro’ ch direction,
generates a 1020 Mz identification signal- which md, ulates both
the course and:clearance carriers.

The output signals from the main and standby transmitting units
are routed to the changeover and test unit where transmitter
transfer capabilities a1e accomplished. Sign.ls received from
the control unit determine which transmitter operates into the
antennas - main or standby. When the main transmitter is con-
nected to the anténna system, the standby transmitter operates
into dummy loads. When the standby unit is connected to the
antenna system, the main unit is turned off, Within the change-
over and test unit there exists circuitry for use in monitoring

" standby transmitter parameters.

From the changeover and test unit, the course and clearance
transmitter signals (C+SB and SBO) are fed to the course and
clearance distribution circuits respectively, Each of the distri-
bution circuits merely distributes the C+SB and SBO signals to the
localizer antennas, Phasing relationships and signal combinations
are accomplished within the distribution circuits so that the proper
field radiation pattern is established via the antennas. The antenna
assembly consists of a parabolic reflector with directional ex-
citers and a clearance array., The parabolic reflector with
directional exciters (three directional antennas) is used in es-

3.2
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tablishing the course field radiation pattern; however, to establish

the clearance field radiation pattern both the c¢learance array

(consisting of 4 antenna elements) and the course.antenna system -
are requited,

To provide integral monitoring ability of the radiated signal
parameters, proximity detectors are utilized. Each transmitting
source is sampled by a proximity probe. The captured signals
are then combined (in the distribution circuit cabinets) to .provide
the proper ‘signals with ‘which system parameters afe monitored.
The system parameters which are monitored are: course position,
displacement sensitivity, carrier powér leveél, percentage modu-
lation, identification gignal, .and clearance monitoring.

Triplicate monitoring of each of thése:parameters is incorporated
as shown in figure 3-1. When thé-tolerance limit of any para-
meter is exceeded, an alarm signal frorn each of the respective
monitor channels is fed to the control tnit, fromi which a transfer
to-the standby transmitting unitis initiated, Thé control unit-acts
upon d 2 of 3 vote:to initiate the transfer.

In addition to the integral monitoring of system:parameters, near
field and far field course position monitoring is also inéorporated.
The near field monitoring utilizes a single yagi antenna to provide
dual monitoring ability. The far field menitoring utilizé: three:
Yagi antennas feeding triplicate VHF receivers and triplicate
‘monifor channels with a 2 of 3:vote, Both near field and far

field alarm signals are delayed to prevent disturbances created
by aircraft overflights and landings from causing equipment’
alarm and shutdown,

Thé same system parameters are monitored for the standby
transmitting unit as for the main transmitting unit.. However,
only single monitoring is incorporated. Upon an alarm from
any standby monitor, the standby transmitting unit will be shut
down after a nominal 5 second ¢ime delay,

The far field monitor has its own alarm processing circuitry to
minimize the.quantity of tel'ephone lines needed for rémote
transmission. Each far field motnitor channel provides two alarm
outputs - a Category IIf alarm and a Category Il alarm. The
difference between these two alarm outputs is ‘'merely in tole¥ance
limits, A two of three vote is utilized for both the Category II
and Category III alarms, Time delays are associated with the
final alarm outputs for both categories; however, the Category

III alarm-time delay is accomplished at the remote control unit

in the control tower (the Category IIJ alarm signal is conveyed
directly to the tower where performance downgrade is accom-
plished), Besides a general power/temperature alarm and a

A -
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far fisld monitor bypass signal, three signals are sent.to the
localizer control unit - a monitor mismatch, a shutdown alert,
and a. shutdown., _A monitor mismatch signal-indicates that one
of the three Category Il monitor channel alarms has existed
over a defxmte time period: (nominal 120 seconds), A shutdown
~sxgna1 indicates that 2 of 3 Category II monitor channel alarms
havs éxisted over a set time period (nominal 70  seconds).

When received-at.the localizer control unit, tiis shutdown Big-
nal will imihe diately shut down the entire- locahzer dtation.

The shutdown alert signal precedes the shutdown signal by a
noniinal -5 seconds, The shutdown alest signal initiates a- shut-
down warning signal (within the control unit) Which is transmit-
ted to the pilot to give him an advance warning of the forthcom-
mg sht.tdown. '

The lo\,ahzer -control .unit processes alarm signals received from

- the monitor channels. If only one alarm is received from any

monitor -channel set, a MONILTOR MISMATCH -1<amp:{iocé,te’df on the
control unit front panel will illuminate. All integral monitor
alarms require a two of three voting to initiate a transfer com-
mand.;, An actual transfer will be accomplished only if the stand-
by‘transmitting unit i« available while the main is operative, If
either the standby transmitter is operative (on the air) or if‘it is
shut down, a transfer command léads to a localizer shutdown.

If both near field monitors alarm, a direct localizer shutdown
will result after the nominal 5 second time delay. A shutdown
alert ig¢ also initiated prior to the shutdown command of the near
field alarms,

‘In addition to the alarm pirocessing already described, the.control

units
1. Provides signals to the remote contrnl unit showing the
status of the main and standby transmitting equipment.,

2.. Provides signals to the remote control unit downgrad-
ing the facility performance Category III status to Cat-
egory Il if the standby equipment is either not available
or is on the air,

3. Processes transmitter '"cycle! commands received from
the remote control uiit,

4. Visually displays all alarm conditions and transmitter
status.

5. Provides for the seléction of the main transmitting unit.
6. Provides for the bypassing of all monitor channels,

7. Provides for the memorization or non-memorization of
monitor alarms.
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8. Provides for thé selection of command control from either
the rémote control unit or the localizer éontrol.unit,

9, Inhibits restoration of radiation for at least 20 seconds
after localizer radiation has been shut down..

10, Proyvides for testing the integrity of both abnormal
indication and:monitor alarm lamps-with a bulb test
SWitCho

11. Provides signals to the remote control unit showing either
(1) monitor alarm abnormals or (2) power/environmental
abnormals. (Note: power/environmental abnormals down-
grade systeni'performance status from Category III to
Category Il after a preset time delay.)

With regards to system power supplies, redundancy is highly
incorporated. The two'main battery chargers are connected in.
parallel, each possessing the capability of independently . supplying.
the load-current and voltage., "Each'battefy*éh'afgér has its own
respective battery which it keeps fully charged., Two DC/DC
converters, receiving their input from the common charger out-
put voltage (+28 volts), produce the rémaining system dc voltages.
Each converter voltage is virtually in parallel with the other
respective converter voltage, thus providing a dual redundancy
of:a1l system dc supply-voltages.

Glideslope

The simplified block diagram of the glideslope station is presented
in figure 3-1. As is evident the configuration of the station is
very similar tc that of the localizer. Some of the major dif-
ferences are: (1) the glideslope does not possess: éither a far
field monitor or an ideitificafion unit/monitors (2) the glide-
slopehas an antenna tower ryiisalignment detector (3) triplicate
near field monitors are utilized for the glideslope (4) no shut-
down alert warning signal ig provided,

The transmitter section is also slightly different. The course

transmitter delivers a UHF carrier (328.6 - 335.4 MHz) fre-

quency which is amplified’ by the 10 watt amplifier, This am-
plified carrier is then delivered to the solid state modulator
where, as:for the localizer, it is modulated by 90 and 150 Hz
tones, The two signals, C+SB and SBO are generated by the
modulator. In addition the modulator also provides a low fre-
quency 150Hz signal used for modulating the clearance carrier
within the clearance transmitter, The clearance signal is only
C+SB 150 Hz,
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The changeover and ‘test unit provides the same fuaction a¢ that

- of thelocalizer < transfer transmitter signais of the:main and
standby unit-either into the antenna system (mcluding distribution
circuitsj oxr- mto dummy loads. ‘4lso- within: the- changeover and.
test unit thare exists circuitry:for- monitoring »i the standby
‘transmitter parameters,

From the changeover and tesi-unit, the.three signals (course

C+SB, course SBO, and clearance C+SB 150) aré routed to the
distribition circiiits wheré- these signale are combined.and
distributed o the three 2-lambda gndeslopp antennas, Correct

phase relationships are established within-the diz¢ribution. circuits.

The three 2-lambda antennas (M-array) ‘are- 1dex\ttcal .and.are- -—— --
mounted on the tower at 3 different heights (H, Zh 3H). His

- depéndent both upon the: ra,dtat*ng frequency and the \ghde pa.t.h

_ angle, - - - S

Proximity field detectors are employed to.provide integral mon-
itoring. ability of the radiated signal parameters. The UHF COm=
‘bining-circuits-combine the signals-px svided ‘by-the probes: so

thzt parameter monitoring can be accomplished, The paraineters
to be monitored are: path alignment .(course position), carrier
power- level, percentage ‘modulation; ‘path width:(displacément
sénsitivity) -and the clearance signal. As in.the loculizer, tri-
plicate monitoring of all parameters is incorporated.

In additicn to integral monitoring, near field monitors are provid-
ed to monitor the path angle (course position), The near field.
monitor antenna couples the appropriate signal to three parallil
monitor channels. A two of three vote for monitor channel alarms
is -utilized. Since aircraft overflights may cause field distur-
bances which wiil create near field alarms, the alarms are de-
layed a nuiminal.2 seconds at the control unit. "True! near field

alarms lead directly to station shutdown.

As in the case of the localizer, the same standby parameters are
monitored for the standby transmitting unit as for the main-
transmitting unit, Again, only single parameter monitoring is
incorporated,

A glide slope antenna tower deformation monitor is employed to
verify the integvrity of the tower, If misalignment or deformation
of the antenna tower persists for a nominal 135 seconds, an
alarm is provided to the control unit which will shut down the
.entire glideslope statior . The misalignment detector is mounted
at the top of the antenna tower and is nominally set to detect a
five inch deflection at the top of the tower,

The glideslope control unit utilizes the same printed wiring boards
as the localizer. (Actually there is one less board used in the
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giideslope). Hence all functional operattons and displays of status
are identical, For minor: differences (such as a misalignment
detector alarm versus the far ‘field monitor  alarms) strap op-
tions are employed

34 ‘Remote Control ‘Unit

The remote control unit, figure 3.3, feceives inputs from the
localizer station,.:thé ghdeslope statlon, and each of the marker
beacons. It is used for the display of all status. information
from. these stations.. It also provides for remote cycling cap-
ability.of transmitting units for each statxon (cycle sequence:
MAIN-QFF-STANBY-OFF), .

LocALIZER GLIDE SLOPE  INNER MARKER  MIDOLE MARKER  OUTER MARKER SPARE .
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Figure 3-3, Remote Co:_';trol Unit

Two.ABNORMAL indications are provided for each station -
MONITOR ABNORMAL and POWER/ENVIRONMENTAL ABNOR-
MAL. The MONITOR ABNORMAL lamp is illuminated whenever:

e The main transmitter is not operational.

° A mismatch exists on one of the monitor channel sets
{i, e, one monjtor channel out of three is in alarm),

e A main inhibit is generated (note: a main inhibit inhibits
the main moritor channels).

o e
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0  An alarm has occurrid-on ihe»standbyi_rﬁoﬁitén~ ;’;hgnrggl‘s.
(the alarny may be due-to either 'a}:‘ifaj}u'ge in: ghgﬁtapdby'
transmitter or in. on@gd‘f sthe standbyﬁ*%h&ﬁ{tai'“f»i:::ha'n'néis).

8. For-the 'loéahzéx", a faxr "ﬁ 1d. shutdown alay Jxaé GC-
curred; for -the glideslope, a. mtsahgnment detector
alarm has occurred. - -

-0 The Mmonitors locally: bypansed {MLBP) mode. of operatlon
is selested. (Note that under this condition- the. ’ABNGR-
- MAL lamp will be flashing).

The POWER/ENVIRONMENTAL ABNORMAL is illaminated when:
evers

. One of the DC/DC converter voltages: fails..
¢ The temperature limits are exceeded:

e The'primary power to either of the two bgttez;y chargers
fails, :

e Either 6f the battery chargers fail,
o The terminal battery voltages. drop-below a preset level.

‘9 Fci the localizer, a power/temperature alarm occurs
at the far field monitor:

When either of these abnormals are generated an audible alarm
is sounded. By depressing the SILENCE switch, the audible
adlarm is turned off.

An. ILS performance category status is also prévided. for visual
display at‘the remote control unit, The Category'Ill lamp is illu-
minated only if all of the conditions listed below are satisfied.

1. Localizer main transmitter is on the air.
2, Localizer standby transmitter is available.

3. Localizer far field course monitors see the course
position parameter within Category III tolerance limits
(adjustable 20 second time delay available),

4. Leocalizer monitor channel inhibit is not present,

5. Localizer terminal battery voltage is above a preset
level.

6. Glideslope main transmitter is on the air.
7. Glideslope standby transmitter is available,

8. Glideslope monitor channel inhibit is not present,

3-10




R o 9 ; Ghdes‘opé termmal’ battery voltage is above preset
e ‘! gvel, N

-‘—‘..

"10 Outer marke; beacon ig on w1th no rf.level or identtﬁ-

- ‘ T eer catld'hbalarm" RER
11, Mzﬂgzg.Lmarzger--béacon is on'with.no rf'level or identifi<
. ccation-alarm,- ) 7 ‘
e +2. Inner markér beacon-is on with no rflzvel or identifi-

’ 'éationl aiafﬁi.

E 3::3,‘; ﬁsttance measurmg eqmpment (DMT‘ ) is w1thm\toler..nce
(1f apphcable)

it

14, The "dbsence! \of 10‘ca1i’z§g‘* POWER/ENVIRONMENTAL
ABNORMAL condition. (A time delay of up-to 3 hours
is.used for this condition).

I5. The.absence of glideslope POWER/ENVIRONMENTAL

" ABNORMAL condition, (A time delay of up to 3 houts
is-used for this condition).

T i T DR i L
v
i

The Category Il lamp is illuininated only if all of the conditions. :
' lmted ‘below .are satisfied. ’

I. Either the localizer main or standby tfansmitter is on .
8 the air, provided that no monitor channel inhibit exists,

g

2, Either ti e glideslope main or standby transmitter is on
the air, provided that no monitor channel inhibit exists,

3. The Category III indicator lamp is off.

AT
lalhod: S 4 A

4. Outer marker beacon is on with no rf 1eve1 or identifi-
cation dlarm,

5. Middle marker beacon is on with no rf level or identifi-
cation.alarm.

6. ‘Inner maxker beacon is on with no rf.level or identifi-
cation alarm,

Whenever a change in performance categnry occurs, a momentary
© buzzer is triggersed. ‘

3-11/3-12
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4,0 PROCEDURE

'The~'foilo§ving steps briefly summarize i:he<geii‘éral approach
‘taken-in-this analysis;

The functional blo'ck dizgram of the gsystem is.drawn,
exhibiting all relevant gignal flow paths between the
various functional assemblies. In.addition to the systera

' block d1agram, detailed functionalidégcriptions (su:chuas
‘Boolean algebraic expressions and gimplified. assemb‘y

block diagrams) are provided when 4jgnal flow chara.c--

- terization is not readily attained-at sthe system block
diagram level,

Each functional entity in the system block diagram is
then analyzed for all possible-failure rnodes which have
a direct effect on the'system operational status, It should

‘be noted that each failure mode listed.reflects actual

piecepart failure effects at the functional block outpuit,

‘The various failure mode effects and-system failure

indications are-then- tabulated,

Upomn completion of the tabulationwof the failure thodes and
effects, the failure rate of each failure mode will be
calculated. That failure rate is. the total failure rate

of all the piecepart components which, upon failure,
produce that functional failure mode.

The final step of the: FMECA is the verification that system

design and reliability such that the probability of a poten-
tially hazardous failure during the critical landing phase
of a Category llI landing is less than 1. x 10~ 7. This is:
accomplished by developing mathematical models which
entail all conceivable events (or sdéguence of events) that
lead to one-of twu probabilities of gystqm failure: (1) the
loss of signal (station shutdown) or (2) the radiation of a
hazardous signal (out of Category IiI tolerance). The
probability math models for each of-these conditions are
deterrained by utilizing the failure modes and effects:
data, The final calculation of the probability of the
Citegory III SSILS mission failure is then performed.

4-1/4-2
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5.0 ASSUMPTIONS/CONSIDERATIONS

The FMECA was not performed at piecepart level but rather at the
functional level, i.e., the level at which one or more distinct
circuits serve.a 'separate system operational functiori. In most
cases this fun\nonal level neatly coincides with the assembly
level of. the syatem. ‘To perform a piécepart analysis on a system
as extensive as the SSILS w.s judged heither necessary.nor:

, desirable.

Piior-to any failure both the localizer and glideslope are operat-
ing on main transmitting units in Category IIl performance status
-as indicated by the remote control unit CAT IlI.status indicztor.
On a per station basis, Category Iil performance status simply
implies that\.(1) the main transmitter is on the air, operating
within ‘Category 1II tolerance limits; (2) the standby transmiittcr
is available (3) a power or environmental alarm has not existed
over some preset interval of time (3 hours maximum)., For de-
scriptive purposes within this analysis, transmitting unit number
1 will be considered as main and transmitting unit number 2 as
standby,

When the monitoring system of the SSILS is functioning properly

(no monitor malfunctions present), radiation pattern degradations
‘beyond the Category III tolerance limits are detected, Hence, the
criteria for establishing a ''true functional (or catastrophic) failure
is that it degrades the radiated signal beyond the alarm limits of
the monitors,

<3

K

Only single piecepart failures (open/short component failures)

are considered in'the determination of functional failure modes.

However, multiple functional failure modes will be'considered ¢
for the determination of hazafdous failure-conditions.

B

The following are excluded £from.the analysis:

a. Monitor indicator circu.sy not affecting operational
status (such as alarm memory latches, lamp ‘rivers,
bulbs, metering circuitry).

b. .Intercom circuitry - anot vital for system operation.

T N B e o T M e W S A s -
. A S .

{a( c. Marker Yeacons - not vital for Category III operation.

* " . d. Heater resistors within the cabinets of the distribution
f eircuits. Since distribution circuitry failures are

Py considered in the analysis, the cause of failure, temper-
s ature or otherwise, is immaterial to this analysis.

ff;, Thé analysis of the remote control/status display is given in

§ paragraph 10, With regards to this analysis, it will be assumed

g Preceding page blank
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that the operator wil! cieck thetransmitter status of each stal.on
.and. determine that the CAT i1l status indicator-lamp is lit prior
to a Category 11l landing:

Tlie following failure mode. adre considered not hazardous:
a, Loss or dégradation of the identification signal.
b, Loss or degradation of ‘he shutdown alert signal,
c. Gieneration .of an erroneous shutdown. alert signal.
d. Loss of Category II near field monitoring .ability,
e. Generation of erronecus power/temperature alarms.

The critical landing phase period for the localizér is 10 seconds;
for the glideslope 5 seconds.

The probability of failure P(F) is equal to \t,

Note: The probability of suceess is given by the exprecsion
P(S) = e")\t
Utilizing thé exponeritial expansion,

P(S):’eaktﬁl-)\t’i‘ (z\_t'._)z‘(&t_.)S’*'oto.oo.noo
7 6

For valués of it << 1,

P(S) =1 -2\t

Therefore the probability of failure is:
F{F)=1-P(S)=1«(1 -\t) =Xt

External runway disturbances such as aircraft overflights and
runway activity have an adversec effect on the radiated localizer
signal at the far field. The parameter of interest at the far field
is the difference in depth of modulation (DDM). This parameter
is affected by such disturbances and, hence, is monitored at the
far field. The loss of this monitoring can lead to potentially haz-
ardous conditions. An obstruction could exist between the local-
izer antenria and the far field monitor which would not be detected
by the integral monitors or the near field monitors. Hence, to
accomplish the primary purpose of the FMECA, the probability
of external runway disturbances during the critical landing phase
of a Category Il landing must be known. However, the calcula-
tion of this probability requires a statistical analysis utilizing
empirical data, Since such data is presently unavailable, a max-
imum allowable probability of occurance is established within the
analysis of the FMECA and is listed as an assumption. The as-
sumed ralue of this probability is 1 x 1077,

5.2
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The proper alignment of the gliueslope antenna tower is vital for
‘the radiation of correct signals, The alignment is monitored for
permanent deformations due to such natural forces as earth
+jemors, strong winds, tower settling, etc. This probability

of permanent migalignment (within the preventive maintenance
cycle of a one week period) must be known forithe accomplishment
of.the FMECA. Since such a probability ie unavasiable for this
analysis, a maximum allowable value is again gssumed. A
maximum numbér for this occurrenceis 1x107~,

Coaxial cables, connectors, antennas and probes will not be
treated independently for failure modes and effects, but rather
are considered in the analysis as partof the functional block to
which they are associated since the analysis is performed at the

functional level.

The assignment of a criticality number to each failure mode is the
conventional means of performing g :criticality analysis, Suchan
approach, howmever; tends to be partially subjective due to weighing
factors by whiél _he criticality number is established, A moré
objective approach is: (1) to provide merely the failure rate as a
representation of the criticality of-each failure mode; and (2) to
identify each failure mode as being either hazardous or not
hazardous, These two items, moreover, are necessary inputs
toward accomplishing the primary purpose of the FMECA as
outlined in the prosedure. For these reasons this approach will
be utilized for the criticality analysis of the FMECA.’

The failure rates used in this analysis wee derived using the
following considerations:

a, Source of base failure rates was RADC Reliability Note-
book, Volume II, dated September 1967. (RADC-TR-67-

108)

b. Equipment ambient temperatures was 25°C, Appropriate
temperature rises were used for the part ambients
depénding upon their location in the equipment.

c. Environmental factor was "ground fixed" as defined in
the RADC notebook,

5-3/5-4




6.0

FUNCTIONAL BLOCK DIAGRAMS

Appendices A and B contain detailed functional block-diagrams of
the localizer and glideslope respectively, It is at that functional
level the FMECA will be performed. Also contained-in the
appendices are all the fiinctional block diagrams of eaih inajo?
assembly. All the various functional block diagrams may 9eé
utilized to obtain a rather detailed understanding of system
operation,

Two observations: should be made concerning tlié general stativin
block diagrams. First, all signals which can affect station
operational performance are provided in the diagrains., Hence,
only the outputs from -each functional block need to be considered
for analysis. Secondly, each functional block has an identification
number by which the results of the tabulated analysis may be
brought into system perspective. Additional clarification of tle
tabulated results of the FMECA can be attained when the function-
al block is viewed at the system level.

‘The detailed diagrams of the control unit for each station <hould
be particularly useful for a thorough understanding of control

unit operation. The Boolean expressions provided completely
characterize all major logic signals and commands. Hence, these
diagrams should be a tremendous aid in troubleshooting control
unit failures,
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7.0 FAILURE ANALYSIS

The heart of the FMECA is the failure analysis. Tliia analysis
identifies each failure-mode, describes the corresponding

— ™ failure effacts, and lists the failure rate by which its criticality
is measured. This failure analysiy is performed in the form
given infigure 7-1. The following clarification 6f terms should
be made concerning this forr, ’

1. Failure Mode: This is the item (functional block) failure
mode. Each-failure mode reflects the piecepart failures
within the block:that can affect the output signals in the
prescribed failire mode. Such terms as "'loss of signal!
aze normally applied to any failure condition that totally
destroys the characteristics of a '"good" signal. Also
any radiated signal that is not degraded beyond the Cate-
gory Il alarm limits is not considered to congtitute a
functional failure,,

2. Failure Effect: Normally listed under this teri are the
immediate failure effects upon the gystem lor station)
from an operational standpoint. Effects on radiated
signals. thay also be listed here. Occasionally‘incorpo-
rated within this column are some conditional failu¥e
-effect comments - the effects upon the system operation
if another failure wereé to occur.

3. System Operation After Failure: The system performance
¢ategory immediately after the failure is revealed in
these columns, These indications correspond to the
performance indicator lamps at the Remote Control
Tower, An "OFF*" condition exists if the system is
neither in Category II or Catego~y lII performance,

4, Tailure Indications: The abnormal indication lights
which should be lighted at the different locations after
the failure occurs are presented in these columns. The
Reniote Cohtrol column lists the abnormal indications
present at the Remote Control Tower, The Control Unit
column. is normally used-to give the abnormal indications
that are displayed on the respective station control unit
froxt panel. The "other! column is normally utilized

- for any other disnlay of abnormal indications such as the

monitor channel alarm lights or the. remote far field
moritor indications. True monitor channel alarm light
indications are revealed only in the monitors locally
bypassed (MLB) mode of operation; hence, thé monitor
alarm’light indications presented here are those that will
be displayed in the MLB mode of operation, It should be

7-1
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rc¢alized that the MLB mode i3 utilized during any
failure troubleshooting,

5. Failure Rate: This-column lists the total fuilure rate of

~ the piecepart failures that can produce the réspéctive
functional failure mode., The failuré rate given in this
column-is worst case since all component failure rates
that can cause the particular failure mode are included
régardless of the pidcepart failure modes, In essence
this number is a representation-of the criticality of each
failure mode - the larger the failure rate the greater the
criticality of the failure'mode. The failure rate number
given in this column is in ternis of failures per million
hours, Failure rate identification is.@ncomplished by
alpha-numeri~-euhscripts of \;. The numeric portion of
the subscript applies to the identification of'the functional
bléck; the alphabetic :portion identifies .the specific failure
mode, Foi-example, A1B 1mp‘1e° the ‘failure rate of'the
second (B) failite mode of the control unit (01

‘The results of thé failure analysis are provided in
appendices C and D for localizer and glideslope respec-
tively. The failure rates were determined on separate
work sheets. whichiwill not be provided within this report.
Takle 7-1 provides an -example of these work sheets,.
showing the failure rate calculations for two failure
modes of the localizer control unit. All failure modes
listéd in the analysis.are corsaidered to be hazardous
unless specifically identified to be '"'not‘hazardous' in the
"remarks" column,
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8.00 MATH MODELS
To fulfill the primary objéctive-of this analysis, ‘it must be
verifiéd. that the probability of a potentially hazardous failuré (a
loss of signal or the radiation of a hazardous signal) during the
critical'landing phasé be less.than 1 x 10™°, To achieve-this
verification, probability- math. modelg are utilized.

Figure 8-1 provides an illustration.of a typical >probé:biiigy,~math
model, As can be seen, three distinct paths lead to a failure, If
the ‘event whose probability is: given by P; occurs, a failare will
result, For-a failure to result due to path B events, all three
events must occur, the probability of which is given by (I?Z° P,
P.). Path C is slightly more complicated, Either event 57r
event 6 must occur, ‘event 7 must occur, and eithér-event8, 9, or
10 must occur to lead to.a failure, Its probability of occurrance
is given by [(P5 + Pg)+ Py« (Pg+ Pg + Pg)]. Theoverall total
probability of a failure (P(F)) due to all three.paths is simply the
algebraic sumi,

Rather than provide a graphical representation of the probability
math models on the ILS system, it is decided to present only the
probability equations of the math models, The graphical approach

CATEGORY 111
PERFORMANCE :STATUS FAILURE

4 ¢

PATH ‘A ¥ ) i
+— > ——» Py . -9

PATH B ¢_... Py £ P, b P, ___..6
Pg
PATH C Ps Pg ”
T‘-n‘- Py | .ﬂI—-
Pg © Pyo

P(F) Py +(Pa+rPy+P,y) +[(Pa+Pc)s Py (Pg+Pg+Pyn)
(A) 105703 2 +[Ps+re) Py - (Pa+o 10)]

Figure 8-1, Example of the Graphical Representation of a
Probability Math Model,

8-1




would be less than meaningful since adequateidescription of

events- could not be provided The equations, 9f course, provide-all
the same information as the graphical représentation. In addition,
each path of failure can be treated. independently by a separate
probability equation and full description of probability, events can
be provided. - ‘ ‘

All the math model équations for the localizer and glideslope are
tabulated in appendices E and F respectively, Each contains two
different sections - the '"loss of signal'' probabilities and the
'"hazardous: signal radiation' probabilities. The probability
expressions were formulated by considering each and-every
hazardous failure mode listed in the failure analysis. Like events
(failure mode failure rates of similar failure effécts) were.grouped
together wheneveér possible. For :each separate probability ex-
pression listed; all failure modes in the failure analysis canbe
identified by-failure rate subscripts. For some: probability cal-
culations, préventive maintenance cycles, which.are listed .in.the
"remarks' column, must be:assumed. The reason for this is
that a failure which does not cfiuse a- menitor alarm (a “hiddén"
failure) can only be located by periodic preventive maintenance
procedures. Worst case probabiliti€s are often givén whenevér
the numerical result proves to bé negligible. This is done solely
for simyplification purposes.

8.2
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9.0 PREVENTIVE MAINTENANCE

Onc of the secondary objectives of this analysis is tu provide a
. ecommendation of how often preventive maintenance checks for
hidden equipment failures should be performed tc ensiré a high
degree of system integrity. This is a natural output for the
FMECA bécause preventive maintenance frequencies mnst be
utilized in the math models, '

A= oy oo
e ) MNGRAD
S 41

Y
[

Ao

A

To determine the frequency of preventive maintenance checks, two
factors: (or réguirements) must be considered: (1) an allowable
probability of failure occurrence; and (2): an dllowable.trequency of
. preventive maintenance so that total' mean preventive maintenance
e time (MPMT) does not exceed equipment specification require-
E* ments. The recommended frequency then: will be a suitable. com-
‘promxse between t}*ese two requirements. Whenever sucha com-
: promise cannot beattained'(either or both requirements cannot.
3 be fulfilléd), equipment design changes must be accomplished to:
reduce the probability of failure,

E P In practice, a feasonable frequéncy is.ansumed in the math models
£ 31 .and then the total MPMT is calculated to verify that the requirement
is not exceedad. In assuming a preventive maintenance frequency,
] the time to perform the hidden failure check must also be consid-
éred. The charts showing the recommended preventive mainte-
nance task frequencies for thelocalizer and glideslope are re-
spectively given in appendices G and H, These charts incorporate
the assumed frequencies utilized in the math model calculations.

in addition to the hazardous failure'modes consideéred-in the math
models; non-hazardous:hidden failures identified in the failure
analyses are also presented in the tables so that the overall

MPMT can be calculated. A brief.descriptioh of the preventive
maintenance task is also provided in the charts in‘order to
estimate the time required to perform the hidden failure check.
Whenever one check can be performed simultaneously with another,
its estimated task time is omitted”from the table.

The sole purpose of these charts is to provide a listing of the
recommended frequencies of preventive maintenance checks for

. hidden failures and to show that these are ccnsistent with pre-
ventive maintenance requirements. They are not intended to be
used per se by field technicians Preventwe ‘maintenance pro-

* cedures that are to be used in the field should be much more
detailed, However, the frequencies provided by these charts should
be an input for writing the actual field procedures.

[4
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10,0 REMOTE CONTROL/STATUS DISPLAY

The status-display unit is.similar to the rernote control unit
\except that it does not possess transmitter cycle capabilities and
does not have a telephoné, Hence, anhy anaiysis of the rémote
control unit services equally well for the status display unit,

A simplifiéd functional block diagram cf‘the remote control unit is
given in figure 10-1, As seen in the diagram, only one-control
signal for each station is an output from the unit. .‘1l'other
signala pertain to status only and as such cannot affect the actual
radiated signal. The cyclé control linesfailare mode is treated

LOCALIZER GLIDESLOPE 11D < o =
-~ A4 ~ e e CERPETT
o CYCLT COMMAN ' s )
. NO g ' @uoCYCLE COMMAND . ooz ol
MAIN CAMP MAIN LAMP ok — S
b AND . el AN -
DRIVER ORIVER o CC 11
: . _— o
" } _ashii | -
STANDRY . STANDSY P o =
- X E Ang(o
© orven | - 5(0) = > | cAT 11
= A3y (0)° :
orr . “l‘ﬁ' orr ANE ] : > oLes n AND
. 7 HRIVER q . = oy
e~ Gs I
AS MON : g N 4 - )
oN e AS MON T T ™ .
ORIVER ORIVER ) MM .
. _———.6“'
oR 1-¥n SUZZER orn  |-ed suzzen FFII(R)
- ) ¢
) As rel g i
e [ NG I 5 =
anrz] lowivea ORIVER b oM -
= . i
- ’« MM, | CAT
| [ SELECTARLY ABg(D) NN R = NS
- DELAY - ™
i | e
SELECTASLE | AL (D) &_ as u,
~OELAY “Coc 1 l.oci’l
. : > Pt
*NOTE es
SWITCH GAKGED WITH FF 111 TIME' -
DELAY POT (WHEN OPEN €F 111 ™
REDUNOANCY PRESENT FOX CAT O
11 LAMP) ~ M
Lol I
.
(oreABLE o
LE) [TAoAIsIASLE Fr 11(D)
R fo
vee: CAY 11}
- - - J
CAY Ul 1, . ‘
" . ANo '-“EE:}. Ano s ) ; MOMENTARY
oAivEn o " 8 VeuzzEn

*
t
g LAMP

(Ay103700 =

Figure 10-1., Remote Control Unit
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within the framework of control. ynit fdilure modes for each
station; hence, only an analysis of giati.s.signals is necessary.

A détailed analysis of this unit is not'necessary.since thee FMECA
pertains.only to a Category IIl'performance status analysis. From
an intuitive standpoint, only two revzlant failure modes exist for the
unit: () circuit failures causing the Categdry III performance lamp
to be extinguished; and /(2) circuit failures: cauging the Category

III performance lamp to remain 'on" continuously, regardless of
station performance. The first of these failure modes is not
‘hazardous. If an aircraft is just beginning (or already in) the
critical landing phase, a safe Category IIl landing may be accom-
plished since the radiated signal is unaffected, Although station
failures could coficeiveably occur within that same 10 second
critical landing phase period, ‘the probability is totally negligible,
The maximum probability of this-event is given by the expression:

Pyax = PrEQuIREMENT ~ Mrc1 © 10%€¢)

= - _7 . s
where PREQUIREMENT 1 x 10-1 (specified)

and )\RC)l is the'failure rate of the remote control unit

circuitry that can cause the lamp to be extinguished,

To simplify matters, let A _ . =100 x 10-6 failures per hour
. . RC1
as worst case, Then,

e 10T =By,
Py ax = (€% 1077) (100 x 167°) ( 10/3600)
=2.777 x 10-14

The second failure mode, circuit failures causing the Category
111 perforinance lamp to remain lit, is potentially hazardous since
the '"true" status. of the radiated signal is not recognizable. How-
ever, if it is assumed that the operator check the transmitter
status of each station prior to a Category IlI landing, the severity
of the hazardous condition is greatly reduced. In face, the only
potentially hazardous condition that then can exist is that the
localizer signal be out of Category IIl tolerance at the far fieid.
All other potentially hazardous: conditions are recognizable
through other status indications on the remote control unit, The
reason for this is that the far field Category llI disable signal
affects only category perfezmance status., It is not processed

by the localizer station and, hence, there is no redundant status
display associated with it. The out-of-Category lll-tolerance
condition at the far field i3 due so.euy to external runway and
overflight disturbances,

Since an initial evaluation cf this potentially hazardous failure
mode revealed its probability was too high, design changes were

1 10-2
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4 incorporated to provide rednndancy and, thus, lower considerably

the: probability of this potentially hazardous occurrence. The new
: probability expression is given by:

Prc2 ™ Prez” 168"‘pFFCSE ke ”"‘REDUNDRC" 168)

1 DDM )
\g , where XRCZ = the failure rate of the remote control far field
4 alarm processing circuitry which can cause
é the Category IIl purformance lamp to remain
9 . illuminated, without redundancy.

REDUND. _ = the failure rate of the redundancy circuitsy
“RC that can cause the Category III performance lamp

to remain illuminated,

PFF = 10-3 (assumed value) = the probability that the
‘CSE’DDM localizer ILS signal will be out of Category III
DDM tolerance at the far field due to external
runway distrubances during the critical landing
phase of a Category III landing.

J‘g e A A

EE N

TTTTTRE TR A

The calculatéd failure rate figures are given below:

_ 106 e .
)\RCZ = 1,141 x 107" failures per hour

A

"“REDUND = 0,268 x 10-6 failures per hour

RC
Hence, the new probability is:

Ppg, = (1141 % 10-6 . 168) (10-3) (0.268 x 10-6 . 168)
T 28,636 x 10712

With the redundancy in the design incorporated, the probability
of this potentially hazardous failure mode becomes negligible.

10-3/10-4
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11,0 RESULTS/CONCLUSIONS

Overall failure probabilitics are readily calculated from the math
model tables by simple addition. Tables 11-1 and 11-2 enumerate
the failure probabilities for the localizer and glideslope respectively.
Table 11-3 provides a resultant failure probability summary. As
canbe seen, the overall probability of mission failure is 0.39345 x
10~ 7 which is less than 1 x 10-7, ‘the specified requirement. Hence,
the primary purpose of this analysis has been accomplished.

Table 11-1, Total Localizer Hazardous Signal Probability

A. Localizer Shui:down ‘Probabilities

1. P 3.912x 1078 = 39.120 x 1079
2 P 3.516% 1014 = 0.000x 1077
3. P, 1.227x 10 =+ = 0.012 % 107
4 P, 9.226 x10-13° = 0,001 x 1077
5. pSTBY csp’ L Te2x 10-14 = 0.000 x 10'9
6. Porpy spn' 20982 % o-1% = 0.000 x 1077
7. Porpy ot 1802 10-14 = 0.000 x 1077
8. Pyrnv ipd 1.665 x 10°16 = 0.000 x 1077
9. Perpy! 9.837 x 10-15 = 0.000 x 10”°
10. Ppg conyt  9-906x 107112 0,099 1077
T S 5.106 x 10710 = 0,511 x 1077
12, Poo 2.090 x 10710 = 0.209.% 1077
13. P, ¢ 4,540 x 1010 ¢ 0. 454 x 107
14, Py o 1,422 x 10-10 = 0.142 x 10°7
15. P 6.081 x 10710 = 0.608 x 10"
_ lo. Poig? 6.822 x 107 = 6.822 x 107"
Py XA = 47,978 x 1077
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Table 11-1. Total Localizer Hazardous Signal
Probability (continued)

B. Localizer Hazardous Signal Radiation Probabilities

-15 -39
1, : 1,287 x 10 = 0. 9000 x 10
)] IP(HS)CSE DDM X 10 ’ x 1 -
2. P(HS)FF: 5. 555 x 10 = 0,556 x 10
-10 , -9
. : 4,971 = 0,497 x 10
3 P(HS)CSE DDM 4,971 x m_q - 97 x N
4, P(Hs)CSERF: 1.502 x 10-10 = 1.502 x 10.9
5. P(HS) : 1. 354 x 10 = 0.135.x 10
SEN ) -9 9.
6. P(HS)CL pppt 3+ 584 x 10 = 3,584 x 10 -
PHS =¥Y¥B = 6.274 x 10
P"‘é)TAL . - Pep t Pys = 54282 x 1_0'9
* LOCALIZER 7

1

0.54252 x 10

Table 11-2, Total Glideslope Hazardous Signal Probability

A. Glideslope Shutdown Probabilities

-8 -
I Py 2.197 x 10 = 21,970 x 1077
-15 -
2. P,p: 2.691 x 10 ! = '0. 000 x 10 ?
3. P, o 5.884 x 10712 = 0.006x 1070
4 P, 1503 x 10712 - 0. 000 x 1077
) we o ya-l5 ) -9
5. Poopy oSE’ 9. 045 x 10.15 = 0,000 x 10 .
h. pSTBY SEN' 1, 648 x 10“15 z 0.000 x 10-9
". Perpy oL 2,282 x 10-15 = 0.000 x 10 .
8. P._._ . 2,314 x 10 = 0.000 x 10°
STBY 13 .9
9. Pognv! 1.814 x 10"10 = 0,000 x 10 .
10, P 1.815x 10 = 0.182 x 10~
CSE 10 5

11. P : 1.035 x 10 = 0.104 x 10°
SEN 10 9

12. PCL: 1.908 x 10 = 0.191 x 10
13. P_, 1,403 x 10“10 - 0.140 x 10'9
NF a 9
14, Ppooin 3,411 x 10 = 3.411x 10‘9

=N = .0 0

psn A 26,044 x 1
112




. Table 11-2, Total Glideslope Hazardous Signal
Probability *(continued)

B. Glideslope Ilazardous Signal Radiation Probabilities

4
% —_—
! N 1. PHS) . _ - : 8:989 % ’fo"lé = 0; 000 x 10"9
; “~'CSE DDM’ 10 9
B (HS : 4 x 10° = . x 10~
; 2 p,us)CSE_SDM 4,558 x 19 . C. 456 x 10 .
P(HS : .248 x 107 = . 10°
) ’ 3 (1 )csm e 248 x 10 i 1.248 x 10-9
N 4. PHS) . 1.518 x40~ = 0.152 x 10
. SEN -9 ’ 9
. 5, P(HS)‘CL: 1,427 x 10 - 1,427 x 10~
>\j . . . "'9 N -9
6. P(HS)ATM. 5.806 x 10 2 5,806 x 10 :
=< =¥ = 0 x -
% ’ Pis *B 9,089 x 10
[ -~ —— 9”
. P =P__ 4P = 35,110 x 10~
; TOTAL.GLIDESLOPE D HS 7

= 0.35110 x' 10~

Table i1-3. Probability Summary

[

A, Localizer:

9; (1) -Shutdown (Loss of Radiated Signal)r 47.978 x 10-9
(2) Radiation of Hazardous Signal  : 6,274 x 107~
\ B. Glideslope:

' 9

(1) Shutdown (Loss of Radiated Signal): 26,004 x 10°

(2) Radiation of Hazardous Signal -2 9,089 x 10-9

C. Total 89.345 x 10”°
‘ ‘ 7

or 0.89345 x 10~

To achieve this primary, objective, however, circuit design
changes/modifications as dictated by the FMECA had to be ac~
corrplished. The following is a listing of these changes/modifica-
tions. ‘

- .
. bl

1. The SDM strap option will be employed for the localizer

near field and far field monitor channels. The SDM
* alarm limits, however, ‘will not be to Categury IIT

. limits, but rather to sorne less stringent value which
will provide an alarm output when a total loss of input
signal exists. Thp SDM and DDM adlarms will be ''or'd"
internal to the monitor channel, thus providing one
general alarm output for alarm processing in the control

ST g Y s e




unit. The SDM strap option will also:be utilized for the
glideslope near field monitor channels.

2. If a continuods main monitor inhibit is generated in the
-control unit,. a downgrading of category status indication
(neither Tategory Il or II) will occur at the remote-
control unit. In this way tétal loss of all monitoring
due to inhibit circuitry failures will be remotely recog-
nizable,

3. Additional redundancy in thé far field monitor combining
logic has been employed to reduce the probability of the
loss of the far field Category III monitoring capability.

4, Redundancy circuitry has been incorporated in the control
unit to provide direct remote status indication (perfor-
mance category downgrade) whenever a ''transfer condi-
tion'" exists, This redundancy significantly reduces the
probability of radiating a-hazardous signal due to
control unit processing circuit failures,

5. Redundancy has been employed in the remote -contrsl/
status displays units to extinguish the Category III
performance light whenever a far field Category III
disable signal occurs.

6. An antenna misalignment detector test feature has been
incorporated into the design to allow for a "quick and
easy" check of its integrity. This was required to comply
with preventive maintenance requirements,

‘0. confirm that the preventive maintenance frequencies assumed
vthin this analysis are consistent with the requirements, a

quick comparison of the assignments made in appendicés G and H
with the equipment specification is in order. The equipment
specification states that a mean preventive maintenance time
(MPMT) of one hour in 336 hours of equipment operation for

any station is allowable., The total MPMT estimated for localizer
hidden failures is 21. 9 minutes in 336 hours of equipment opera-
tion; the total MPMT for the glideslope hidden failures is 14.0
‘minutes in 336 hours of equipment operation.

As another outgrowth of the FMECA the following general dis-
cussion on redundancy has evolved:

¢ In the general design of electronic equipment, standard
design procedures such as use of high reliability parts
and minimization of circuit components do not necessarily
ensure that system design is optimum from a performance
standpoint, To obtain a high degree of system perfor-




mance, redundancy of equipment hardware has often
been gfihployed in design. This is a very effective means
when utilized correctly., Unfortunately the full advan-
ages of redundancy are oftén overlooked,

®  To exhibit the optimum use of redundancy in equipment

design, the examples of figures 11-1 and 11-2 are
provided. Assume that each of the monitor channels. .

- monitors the same system parameter. Triplicate re-
dundancy has been incorporated in the monitoring cir-
cuiiry, requiring a 2 of 3 vote for monitor alarm pro-

. cessing in the control logic, Figure 11-1 illustrates
the typical approach {minimum circuit complexity)
utilized.in circuit design (redundant control logic ex- ‘
cluded), However, when calculating the probability of
loss of the parameter monitoring ability (’P(F‘)NR)’ an
interesting observation results, The desirable features
of triplicate monitoring are partially lost due to the
control logic and "OR" gate (P~y and PoR respectively).
It is these circuit components that limit the reduction of
the probability of failure. Hence, all the additional
circuitry incorporated for triplicate monitoring is

rendered partially useless in minimizing the probability
of failure, )
MONITOR
CHANNELS
F— ——— 1
' \ | REDUNDANT
M1 | [~ CoNTROL
———— 1.2 Losic |
- 2 ‘ | I
Pm Pe - PRL
- 2 | |
M2 2.3 )|'z+z.3+1-31 CONTROL
L3 ‘ LoGic
Pm [ ‘ ‘ P
P OR
v G P
: L ) cL
L "] _}'_i
N v T
PM AR PG
NOTE : PARTIAL REDUNDANCY TYPICAL VALUES
P (Fiyg Py~ +Pgd +pog + Py, Pyg-® 1074
P (F)yg = 1078 4 10718 4+ 1076 4 1075 Pg = 1076
% 1,1 X 10”7 (No REDUNDANT LOGIC) POR = 1076
P (Flr = Pu2 +Pg3 +Pop + P - PaL PeL = 1075
= 1078 + 10718 4+ 10=6 4 10=5. 10~ PaL = 1078
= 10"6 (WITH REDUNDANT LOGIC)
(~) 105705
figure 11-1. Logic Illustrating 2 of 3 Vote of Monitors for Control
Processing (dashed lines illustrates partial redundancy).
11-5
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An improvement of the original-design results with the
additional redundant control logic (dashed lines); The.
new-probability, (P(F)g) calculation shows that there is
roughly an improvement by one order of magnitude,
utilizing ‘typical values, However, as the new calcu-

lation illustrates, thé true advantageous features of
triplicate monitoring are still not attained. A "bottle-
neck" limitihg factor 4% still present - the "OR'" gate
MONITOR
CHANNELS
‘ 1 re—— gra— o8
‘ LT, S REDUNDANT |.
™M1 1 1.2 i : CONTROL [:
- . 2 r ' LOGIC
’«M Cmm— PG POR -
Pri
2 T ¥
M2 ——| 2+ 3 ;
3 | — ﬁ
PM ‘ Pa
*‘-‘" 3 " " -
(. T B & ; CONTROL
M3 ‘ ) 1+3 | |- -LOGIC
TR VE— Y/
. 1 | Sk — B
Pm - g OR PCL
PG

2 3 2 .
P (F)rcp = Pu“ + PG~ +Por + PcL " PaL
= 108 + 10718 + 10712 + 10~5 « 10
T 10~8 (WITH'DPTIMUM REDUNDANCY)

]

(A) 105706

ldgure 11-2, Logic Illustrating 2 of 3 Vote of Monitors for
Control Processing with Optimum Redundancy

e Figure 11-2 is an illustration of the optimuin design,
utilizing redundancy. With the additional "OR" gate in-
cluded, the full advantages of redundancy are attained
since the limiting factor is now the monitor channels,
One final observation should be pointed out concerning
this matter - the addition of a single redundant gate has
decreased the probability of failure two orders of mag-
nitude, utilizing typical values. In summary then, it is
vitally important to incorporate redundancy correctly
if redundancy is to be incorporated at all,




The. followmg enumerates the general conclusions resulting from
the FMECA:

1,

N

If the assumptions made within this analysis prove to be
reasonably valid, the probabthty of -either (1) a loss of
signal-or (2) the radiation of a potentially hazardous
signal-during the critical landing phase of a Category.
III"landing is less-than I x 10-7 fof Texas Instruments
Incorporated Category III 1LS:system. ‘The.validity of
the result of the overall hazardous failure probability

is enhanced since worst case analysis were often em-
ployed.

Single equipment failures which can lead directly to
station shutdown are the major contributors which limit
the reduction of the probability of a hazardous failure.
Hence, to achieve further improvement of equipment

design and reliability, additional redundancy in major

non-redundant circuite such as:the control unit is re-
quired.

Due particularly to the redundancy that has been incor-
porated into the design as a result of the FMECA, the
probability of the radiation of a potentially hazardous
signal has becomeé insignificant compared to shutdown -
probabilities, The design modifications have made the
triplicate monitoring utilizea in the Category Il system
optimum since the ''bottleneck'' factor is-the-monitor
channels themselves,

Since all hidden failure modes are identified in the
FMECA, the resuits of the analysis serve as an ex-
cellent input for the writing 6f preventive maintenance
procedures, The frequencies of these,preventive main-
tenance checks stratified within this report are based
upon allowable probabilities of occurrence and, hence,
should be followed very closely in field performance.

Troubleshooting system failures should be greatly
facilitated by utilizing both the functional block diagrams
and the failure mode and effects analysis data.

11-7/11-8
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Appendix A

Localizer Detailed Functional Block Diagrams

This. appendix -consists -of detailed functional block diagrams for
the localizer. Figures A-4 through A-19 cover the numbered
blocks in figures A-1 and A-2 (localizer andlocalizer far field
monitor). Figure A-3 and the accompanying table A-1 detail
the localizer contrel unit.

A-1
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Table A-1. Definition of Signal Names(Localizér Control

Unit, Figure A3}

Narnie Definition
A’B AT Alarm due to a drop in the main batteryvoltage,
ACONV: Alarmson one: of the DC/DC :converter voltages.
A Far field shutdown alarm.
FE
S
A_ s Powei/environmental alarm sent to remote control.,
PE :
RC
AS: Alarni due to standby monitors.
AS(D): Alarm due to standby monitors,. delayed.
A»SM: | Alarm due to standby monitors, memorized.
AB: Abnormal condition signal.
ABMON: Abnormal condition signal due to monitor .channel
alarm,
AB?M ON_ Monitor alarm:sent to remote control,
RC
AC: AC power alarm from:oiie of the two battery charg-
ers.
BC: Battery charger alarm from one of the two chargers,
BLINK? Blinker output signal, .a square wave oscillator,
C: Cycling command signal for transmitters.
C : Command to have transmitter no: 1 connected to
ANT L
the antenna.
E‘ANT' Command to have transmittér no. 2 connected to
the antenna.
Clz Command to turn on transmitter no, 1,
CZ: Command to turn on transmitter no, 2.
CAT IIRC: Signal to remote control used to determine Category
1l status.,
CAT .IIIRC: Signal to remote control used to determine Category

111 status.
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‘Table A-1. Definiticn of Signal Names (Localizer Control,

Name

Uait, Figure A-3) (Continued)

Definition

CL

CONTROL:

11’

CLIZ\:

CL13:

CLZI:

CSE. .:
CSE
CSE,_.:
CSE._.:
CSn.3 1:

CSE32:

CSE33:

CSE 111:
CSE 112:
CSE 113:

Cycie command (MAIN, STBY, .or CFF),

Catégory 111 DDM clearance alarm, monitor no. 1.
Category IIl DDM clearance alarm, monitor no. 2.
Category III DDM clearance alarm, monitor no. 3,
Category III SDM clearance alarm, monitor no, 1,
Category 111 SDM clearance alarm, monitor no, 2.
Category IIl SDM clearance alarm, monitor no. 3.
Catégory III 'RF cléarance alarm, monitor no. 1.
Category 1II RF clearance alarm, monitor no. 2,
Catggcry II1 RF clearance alarm, monitor no. 3.
Cate‘gor‘y 1l DDM course alarm, monitor no. 1.
Category III DDM course alarm, monitor no. 2.
Cl’itegory III . DDM course alarm, monitor no. 3.
Category III SDM course alarm, monitor no. 1.
Category lIl SDM course alarm, monitor no. 2.
Category 11I'SDM course-alarm, monitor no. 3.
Category III RF course alarm, monitor no. 1.
Category III RF course alarm, moritor no, 2.
Category 1II RF course alarm, monitor no. 3.

Category I DDM course alarm, raonitor no. 1.
Category 1l DDM course alarm, monitor no. 2.

Category II DDM course alarm, monitor no, 3.




Table A-1, Jéfinition of Signal Narnes (Localizer Control
Unit, Figure A-3)Continued)
‘Name Definition
FFpy Far field bypass local.
L
FF Far field bypass remote,
BY _:
R
FFMM ( Far field mismatch.
FFPE: | Far field power/environmental alarm,
FF Far field shutdown.
FFSA: Far field shutdown alert,
tICE Inhibit signal to inhibit transmitter cycling cap-
ability,
IMAIN,: Main inhibit to main monitor channels.
ION' Inhibit signal due to power turn-on.,
L‘I‘: Inhibit signal due to transfer commands, either
auto or manual.
I Inhibit signal due to shutdown commands, either
- auto or manual,
ISTBY Standby inhibit to standby monitor channels.
ID No. 1 (tone): ID tone from ID unit no. 1,
1D No, 2 (tone): ID tone from ID unit no. 2,
LAB: Abnormal status lamp signal.
I"AC: AC power alarm status lamp signal.
LBAT: Battery alarm status lamp signal.
LBC: Battery charger alarm status lamp signal,
LC: DC/DC converter alarm status lamp signal,
L. : Far field bypass status lamp signal.
¥ FBY

A-4




YT -

R e AT —

A oy TN TGS ot YT TR GTITT TL b 2

Table A-1, Definition of Signal Names (Localizer Control

Unit, Figure A-3) (Continued):

% Name Definition
: ¥ L. Far field ""good condition" status lamp signal.
29 FF
§ 1 GO
" % ‘ L : Far field monitor mismatch status lamp signal,
F ¥ FF
: g MM
Ay L : Far field power/‘environmental status lamp signal,
PE
. L : Far field shutdown status lamp signal.
e FE\
S
1 LN: Nermal status. lamp signal.
G
! LTEMP: Temperature aldrm status lamp signal.
‘ LMLB: ‘Monitors locally bypassed status lamp signal.
! LMM: Monitor mismatch status lamp signal.
i LS: Shutdown status lamp signal.
2 LX : Transmitter no. 1 connected to antenna status
; 1 lamp signal,
1
b ! L\( : Transmitter no. 2 connected to antenna status
5 E 2 lamp signal.,
; LOC: Local control of transimitting unit.
E | LT: Teansfer signal memorized.
? MACL: Clearance monitor alarm.
MA : Course monitor alarm, Category Il alarm limits.
; CSE1
' .
. MA : Course monitor alarm, Category III alarm limits,
E CSEIII
F &
2 : MAID: Monitor alarm, 2 of 3 ID monitors.
.: MANF(D): Near field monitor alarm which is delayed.
i MAS: Shutdown command from monitor alarms.
E.
A
¢
¥ A-5




Table A-1.

Definition of Signal Names (Localizer Control
‘Unit, Figuxe A-3) (Continued)

Name Definition

MASEN: Sensitivity monitor alarm.

MAT: Transfer command from monitor alarms.,

MAIN: Main transmitter "on' status signal..

MAINRC: Signal to remote control-used to determine MAIN
status,

MLB: Monitors locally bypassed.

MMCL: Clearance monitor mismatch,

MMCL/NF: Clearance or near field monitor mismatch,

MMCSE : C;ou.rse monitér mismatch, Category Il alarm

111 limits,

MMFF: Far field monitor mismatch,

MM]D: Monitor mismatch, 1 of 3 I D monitors.

MMNF(D\: Near field monitor mismatch which is delayed,

MMSEN: Sensitivity monitor mismatch, Category 11l alarm
limits,

NF 1: Category Il DDM near field alarm, monitor no. 1.

NF 2: Category Il DDMimear field alarm, monitor no. 2.

OFF: Both transmitters "off" status signal.

OFFRC: Signal to remote control used to determine OFF
status,

ON/OFF: Front panel control unit power supply control,

REM: Remote control of transmitting unit.

RESET: Signal to reset alarm memory latches.

SCL: Standby clearance monitor alarm - DDM, SDM
or RF with Category III limits.

SCSE' Standby course monitor alarm - DDM, SDM, or

RF with Categery III limits.
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Table A-1.. Definition of Sigral Names (Localizer Control 4
Unit, Figure A-3) (Continued) ;
¢
Name : Definition ;i
Dt Standby identification monitor alarm - Category 11l {
limits. t
‘ SM: Shutdown signal memorized. i
S : Standby sensitivity monitor alarm - DDM with
SEN . N
. Category Il limits,
SO: Both transmitter are selected to be off.
J
S, 1 Transmitter no. 1 is selected as main,
SZ: Transmitter no. 2 is selected as main.
-S-IZ: Selection of transmitter no., 1 memorized,
SIZ: Selection of transmitter no., 2 memorized. ?
SANF: Shutdown alert signal due to near field monitors. ’:
SENI % Category 111 DDM sensitivity alarm, monitor no. 1. \
SElez Category 11l DDM sensitivity alarm, monitor no. 2, }
SEN13: Category I11 DDM sensitivity alarm, monitor no, 3. .
!
STBY: Standby transmitter "on'' status signal. é
STBY _ .: Signal to remote control used to determine STAND-
RC i
BY status, ¥
TEMP: Temperature alarm inside main cabinet. , }'
XFR: Tranéfer command due to XFR1 or XFR2 (redun- E
. dant for remote recognition). ' !
XFR1: Transfer command due to course and sensitivity ;
(redundant). {
| XFR2: Transfer command due to clearance and near field 3
(redundant),
XMTR No, 1 :
(shutdown warn- E
ing/ID no, 1): Sum of shutdown alert and 1D tone no. 1, } ‘
AT ! .
i




‘Table A-1, Definition of Signal Names (Localizer Control
Unit, figure A-3) (Continued)
Namé Definition
XMTR No., 2

(shutdown warn#
ing /ID no. 2}t

+12V CONTROL:
-18V:
-181:

.;:‘.1 82 :

+28V BATT:

+5’1:

+.52:

-501:
-5‘02:

Sum of shutdown alert and 1D tone no, 4:

Contrel signal:to turn on rionitor channels.

A:comymon -18v from ¢he two DC/DC converters.

-18 volts from converter no, 1,
-18 volts from.converter no. 2.

The voltage of vhe main batteries.

+5 volts from converter no, 1.
+5 volts from converter no; 2.
-50 volts from converter no, 1.

-50 volts from converter no'. 2.
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Glideslope Detailed Functional Block Diagrams
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Appendix B
Glideslope Detailed 'Functional Block Diagrams

This appendix consists of detailed functional block diagrams for
the glideslope, Figures B-3 through B-13 cover the numbered
blocks for figure B-1, Figure B.2 and the accompanying table
B-1 detail the glideslope control unit,
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‘Table B-1. Defiiiition-of Signal Names (Glideslope Control
Unit, Figure B-2)
Name Definition

ABAT: Alarm due to a drop in the main battery voltage..

ACONV: Alarm on one of the DC/DC converter voltages,

AMD: Misalignment detector alarm with inhibit,

A : Power/environmental alarm sent to remote control.

“-PE
RC

As: Alarm due to standby monitors.

AQ(D): Alarm due to standby monitors, delayed.

ASM: Alarm due to standby monitors, memorized.

AB: Abnormal condition signal,

ABMON: Abnormal condition signal due to monitor channel
alarm.

ABMON ,: Monitdr #larm sent to remote control,

RC

AC: AC power alarm from one of the two battery charg-
ers,

BC: Battery charger alarm-from one of the two chargers,

BLINXK: Blinker output signal, a square wave oscillator.

C: Cycling command signal for transmitters.,

CANT: Command to have transmitter no, 1 connected to
the antenna.

c : Command to have transmitter no, 2 connected to

ANT

the antenna.

-CI: Command to turn en transmitter no, 1,

CZ: Command to turn on transmitter no. 2.

CAT IIRC: Signal to remote control used to determine Category
Il status.,

CAT IIIRC: Signai to remote control used to determine Category
111 status.




Table B-1, Definition of Signal Names (Glideslope Control
Unit, Figure B-2) (Continued)

Nan;’g ) 1. ’ Definitiqn
CONTROL: § C;rcle command. (MAIN, STBY, or OFF),
CLH: Category 11l DDM clearance alarm,. monitor no.. 1.
CLIZ: Category Il DDM clearanc¢e alarm, monitor no. 2.
CL13: Category 111 DDM clearance alarm, moniter no. 3.
CLZI: 5) Category 11l SDM. clearance alarm, monitor no. 1.
CLZZ: Category III SDM clearance alarm, monitor no, 2.
CL,,: Category 1II SDM clerfance alarn;, monitor no. 3,
»CL3 % ' ’ Category Il RF clearance alarm, monitor no. I.
CL32: 1. Category ill' RF clearance alarm, monitor no: 2.
CL33: ) Category III RF clearance alarm, monitor no. 3.
CSE“: ' Category III DDM course alarm, monitor no. 1.
CSEIZ: ) Category 11l DDM course alarm, monitor no. 2.
CSE“: Category 11l DDM course alarm, monitor no, 3.
CSEZ'I: Category 11l SDM course alarm, monitor no, 1.
CSEZZ: , Category IlI SDM course alarm, monitor no. 2.
CSE23: Category Il SDM course alarm, monitor no. 3.
CSE31: Category III RF course alarm, monitor no. 1.
CSE32: Category III RF course alarm, monitor no. 2,
CSE33: Category IIl RF course alarm, monitor no. 3,
CSE 111: Category 111 DDM course alarm, monitor no. 1.
CSE 112 Category III DDM course alarm, monitor no. 2.
CSE 113: Category 1II DDM course alarm, monitor ao. 3.
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Table B-1., Definition of Signal Names (Glidesiope Control
- Unit, Figure B-2) (Continued)
Name Definition
IC:, Inhibit signal to inhibit transmitter cycling capabil-
ity.
IMAIN: Main inhibit to main moritor channels,
I‘ON: inhibit signal due tc power turn-on.
lT: Inhibit signal due to transfer coiamands either auto
or manual. '
IS: Inhibit signal due‘to shutdown commands, either
auto or manual,
ISTBY: Standby inhibit to standby monitor channels.
. LAB' Abnormal status lamp signal,
LAC: AC power alarm status lamp signal,
LBAT: Battery alarm status lamp signal,
LBC: Battery charger alarm status lamp signal.
LC: DC/DC converter alarm status lamp signal.
LMD A Misalignment detector alarm lamp.
LMD BY Misalignment detector bypass lanip,
H Mi S¢ ig * $ < .
LMLB Misalignment detector bypass lamp
MM Monitor mismatch status lamp signal.
LN: Normal status lamp signal.
LS: Shutdown status lamp signal,
LTEMP: Temperature alarm status lamp signal,
L\“: Transmitter no. 1 connected to antenna status
‘ lamp signal.
LXZ: Transmitter no. 2 connected to antenna status
lamp signal.
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Table B-1,

Definition: of Signal Names (Glideslope Control
Unit, Figure B-2) (Continued)

Name I3éfinition
LOC: Local control of transmitting unit,
LT Transfer signal memorized,
MACL: Clearance monitor alarm,
MA. : Course monitor alarm, Category II alarm limits.
\CSEI,1 )
MA : Course monitor alarm, Category lll alarm limits,
CSE
111
MANF(D): Near field monitor alarm which is delayed.
MAS: Shutdown command from monitcr alarms.
A : Cps e . rm.
M SEN Sensitivity monitor alarm
MAT: - Tvansfer command from monitor alarms.
MAIN: , Main transmitter "on" status signal.
MAINRC: . Signal to remote control used to determine MAIN
status,
MD,A: Misalignment detector alarm without inhibit,
MDBYL: Misalignment detector bypassed locally,
"‘MLB: . Monitors .ocally bypassed.
MMCL: ~ Clearance monitor mismatch,
N . : . . i '
MMCL/NF' Clearance or near field monitor mismatch
MM : Course monito~ mismatch, Category lll alarm
CSE s
111 _ limits,
MMNF(D): Near field monitor mismatch which is delayed.
MM,,EN: Sensitivity monitor mismatch, Category Ill ala1m
° limits.
NF 1: Category lIl DDM near field alarm, monitor no. 1.
NF 2: Category 111 DDM near field alarm, monitor no. 2.




Table B-i.

Definition of Signal Names (Glideslape Control

‘Unit, Figure B-2) (Continued)

Name Definition-
NF 3: Category 11l DDM near field alarm, monitor no. 3.
OFF: Both transmitters "'off'" status signal,
OFFRcz Signal to remote control used to determine OFF .
status,
ON/OFF: . Front panel control unit power supply control. R
REM: Remote control of transmitting unit.
RESET: Signal to reset alarm memory latches.
SCL: Standby clearance monitor alarm - DDM, SDM, or
i RF' with Category III limits.,
SCSE' Standby course monitor alarm - DDM, SDM, or
RF with Category III limits.
SM: Shutdown signal memorized.
St Standby sensitivity monitor alarm - DDM with Cat-
SEN .
egory I limits.
SO: Both transmitter are selected to be off.
Sl: Transmitter no. 1 is selected as main,
SZ: Transmitter no. 2 is selected as main,
-S-lz: Selection of transmitter no, 1 memorized.
SIZ: Selection of transmitter no. 2 memorized.
SEN“: Category 11l DDM sensitivity alarm, monitor no. 1.
SENIZ: Categery Il DDM sensitivity alarm, monitor no. 2.
SEN13: Category 11l DDM scnsitivity alarm, monitor no. 3.
STBY: Standiy transmitter "on'' status signal.
STBY _ .: Signal to remote control used to determine STAND-
RC v .
BY status,
TEMP: Tewperature alarm inside main cabinet,
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Table B-1,

Definition ‘of Signal .Nameés (Glidesiope Control
Unit, Figure B-2) (Continued)

‘Name Definition
XFR: C Transfer command due to XFR1 or XFR2 (redun~
\ dant for remote recognition).
XFRI1: Transfer commaid du€ to course and-sensitivity
(redundant).
XFRZ: Transfer conimand due to clearance and near field

+12V CONTROL: .

-18V:
-181:
-182: .
+28V BAT'T:

+51:

+52:
-501:

50 ¢

i
129

(réedundant).
Control signal to turn on monitor channels.
A common.-18v from the two DC /DC convérters.

-18 volts from converter no. 1.
-lc volts from converter no. 2.

The voltage of the main batteries.

+5 volts from converter no. 1.
+5 volis from converte. no. 2,
-50 volts from converter no: 1,

-50 volts from converter no. 2.

B-7/B-8
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Appendix C

J.ocalizer Failure Analysis
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Appendix ©

Localizer Mailure Analysis

This appendix, referred to in section 7.0, coénsists fo the failure
analysis for the localizer, as shown in table C-1,
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Appendix D
Glideslope Failure Analysis

. This-appendix, referred to in section 7,0, consists of the failure
analysis for the glideslope, as shown in table D-1,
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Appendix E
Localizer Math Models
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Appendix E
Localizer Math Models

This appendix consists of tables E-1 and E-2, referred to in section
8.0, which give, respectively, probability'math models for localizer
hazardous signal radiation and shutdown.
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Appendix F

Glideslope Math Models




Appendix F
Glideslope Math Models

This appendix consists of:tables F-1 and F-Z, referred to in section
8.0, which give respectively, probability math models for glidealope
hazardous signal radiation and shutdown,.
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Appendix

Localizer Preventive Maintenance Checks
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Appendix G

Localizer Preventive Maintenance Checks

This appendix consisting of table G-1, details the preventive
maintenance checks necessary to detect hidden failures in
the localizer.
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